Abstract-Effects of various neuropharmacological agents on the motility
We have undertaken comparative and systematic studies on drug actions between various helminths and host isolated tissue preparations using the isotonic transducer method that we recently developed (10). From the practical viewpoints in experiments such as the availability of the worms, the easiness of experiments, and the susceptibility to drugs and also from the viewpoints of phylogenic and pharmacological differences among the three groups of helminths, Dipylidium caninum was selected as an excellent model of cestodes. Angiostrongylus cantonensis, Fasciola hepatica, and Schistosoma japonicum were also used as models of nematodes and trematodes in our laboratory (11). To define in the present study the neuropharmacological properties of D. caninum, our cestodal model, effects of various neuropharmacological agents on the motility of this worm were studied.
MATERIALS AND METHODS
Worms were obtained from dogs sacrificed at the Shizuoka Prefectural Dog Center. A mature proglottid was suspended in Tyrode's solution in a thermostatically controlled organ bath (7 ml capacity) at 35°C and gassed slightly with air. Responses of the preparation to drugs were recorded isotonically on a recorder (Toa, EPR-100A) with an isotonic transducer (Nihon Koden, TD-1 1 2S) producing a six-fold magnification and exerting a tension of 0.4 to 0.45 g.
The following drugs were used: acetyl choline chloride (ACh), adrenaline [ Tryptophol (10-5-10-4 M) caused an inhibition in amplitude and tone in the pre paration (Fig. 4c ). This compound (10-5 10-4 M) showed similar effects on the stimulated preparation with 5-HT (10-4 M) or strychnine (3X10-5 M) (Figs. 1, 3b) . Stibnal (10-7-3X10-6 M) also inhibited tonically and phasically the motility of D. caninum, which was blocked by the pre treatment with 5-HT (10-4 M) (Fig. 2) .
On the other hand, other drugs such as adrenaline (2.7x10-5_1.3x10-4 M), phenyl ephrine (10-6-10-5 M), isoproterenol (4.7x10-6-2.4x10-5 M), dibenamine (10-5 10-4 M), propranolol (10-6-10-5 M), and GABA (10-6-10-4 M) showed little effect on the motility of this worm (Figs. 1, 5) .
Effects of cholinergic agents on the Stibnal (10-7-3x10-6 or 10-5 M) was given before and after the treatment with 5-HT (10-5-10-4 M), respectively.
At the point W, the preparation was washed by Tyrode's solution. (1.6x10-5 1.6x10-4 M). The inhibitory effect was characterized by a decrease of tone and amplitude in eserine, dichlorovos, or carbachol; by a decrease of tone, amplitude and rate in DMPP; and by a decrease of only tone in ACh (Figs. 4a, b, 6-8) .
d-Tubocurarine (1.9 X 10-5-5.7 X 10-5 M), hexamethonium (10-5-10-4M), and atropine (10-6-10-5 M) all had little effect on the motility and also on the paralytic action of eserine (10-5 M) (Fig. 8) .
Effects of strychnine, morphine, picrate, and guanidine on the motility of D. caninum: Though guanidine (2.5x10-3 M) showed little effect, strychnine (10-5-3X10-5 M) stimulated the motility of D. caninum.
The stimulant effect of strychnine in this worm was characterized by an increase of rate and tone, with or without an increase of amplitude (Fig. 3) . Morphine (10-5 M) and picrate (10-4 M) stimulated slightly the motility of this worm, but showed little influence on the paralytic action of eserine (3x10-6-10-5 M). The stimulant effect was characterized by an increase of rate in morphine and by an increase of amplitude with a slight decrease of rate in picrate. These two agents stimulated the paralyzed preparation by tryptophol (10-4 M) transiently and sus tainedly, respectively (Fig. 4) . showed sites of acetylcholinesterase activity by histochemical techniques and delineated the nervous system of cestodes beautifully. These findings suggest that a cholinergic mechanism is essentially involved in the neural transmission of cestodes.
In this study, inhibitory cholinergic and excitatory serotonergic mechanisms were suggested to be in D. caninum which were similar to those reported in Schistosoma mansoni (12, 13) and Fasciola hepatica (12, 14, 15) .
From the results on cholinergic agonists, the cholinergic mechanism in D. caninum is suggested to be nicotinic because the motility of this worm was inhibited by nicotinic agonists with or without a muscarinic property, but not inhibited by muscarinic agonists such as pilocarpine and McN-A-343. From the results on cholinergic antagonists, however, the mechanism is suggested to be non-nicotinic and non muscarinic, because d-tubocurarine, hexame thonium, and atropine all showed little effect on the motility and also little effect on the paralytic action of eserine. This disagree ment in the nature of the cholinergic responses was also observed in S. mansoni and F. hepatica, but no reasonable explanation has yet been given (12).
From the results on agents which influence the release of neurotransmitters (16, 17) , the muscle of D. caninum is suggested to be similar to the Heal smooth muscle rather than the skeletal muscle because the motility of this worm was affected by strychnine, morphine, and picrate, but not by guanidine. Though D. caninum was not sensitive to drugs such as GABA, adrenergic agonists, and their antagonists, the motility of this worm was remarkably stimulated by 5-HT. Similar to the results reported in F. hepatica (15), the stimulant effect of 5-HT in D. caninum was characterized by an increase of rate, amplitude, and/or tone. As to mecha nism of the stimulatory action of 5-HT in F. hepatica, it is suggested that stimulation in the motility by 5-HT is mediated by cyclic 3',5'-AMP, which markedly activates phos phofructokinase, a rate limiting enzyme in glycolysis of the worm (18) .
On the other hand, trivalent organic antimonials act on trematodes such as S. mansoni through inhibiting the phosphofructokinase activity in worms (19) .
In our experiment, Stibnal, one of trivalent organic antimonials, caused a paralytic effect, and this effect was blocked by the pretreatment with 5-HT. These results suggest that the stimulatory action of 5-HT in D. caninum may be elicited through the similar mechanism reported in trematodes.
Tryptophol is a tryptophan metabolite of the African trypanosomes, and it is suggested to be a pathogenic substance in the sleeping sickness caused by the protozoa (20, 21) . 5-HT (serotonin) has been suggested to be a mediator of slow-wave sleep in mammals, and the relationship between 5-HT and tryptophol in the brain was studied to determine a mechanism for the action of tryptophol (20) . On the other hand, serotonergic and dopaminergic mechanisms in trematodes such as S. mansoni (22, 23) and F. hepatica (15) are suggested to be similar to those in the brain of mammals. Thus, it may be very interesting to study the relationship between 5-HT and tryptophol in parasitic cestodes as well as trematodes. In this study, these two agents affected antagonistically the motility of D. caninum, though the detailed relationship was not known.
Though these results on cholinergic and serotonergic drugs in our experiments basically agreed well with those reported in trematodes such as S. mansoni (12, 13, 22, 23) and F. hepatica (12, 14, 15), there are remarkable phylogenic differences between the nemathelminth (Nematoda) and the plathelminth (Trematoda and Cestoda), and also there are apparent differences regarding the sensitivity to anthelmintics (11). For example, cestodes and trematodes are not sensitive to antinematodal drugs such as piperazine, avermectin Bia, and pyrantel. These differences may partially be related to neuropharmacological factors including neurotransmitters.
Though it was reported that piperazine and avermectin Bia act through the GABA mechanism in Ascaris suum (24, 25) and A. cantonensis (26, 27) , this mechanism has not been reported in cestodes and trematodes. Therefore, less susceptibility to these drugs may be attributed to a lack of the GABA mechanism in the plathelminth.
On the other hand, the cholinergic mechanism in nematodes such as A. suum (28, 29) and A. cantonensis (26) is suggested to be nicotinic from the results on both cholinergic agonists and antagonists. Thus, differences between the natures of the cholinoceptors of nemathelminth and plathelminth may give an explanation for less susceptibility to drugs such as pyrantel which affect nematodes through its ACh-like action (30 
